Objective To assess whether adding or switching to sulfonylureas is associated with an increased risk of myocardial infarction, ischaemic stroke, cardiovascular death, all cause mortality, and severe hypoglycaemia, compared with remaining on metformin monotherapy in patients with type 2 diabetes.
Introduction
Sulfonylureas are oral antidiabetic drugs recommended as second line treatment in patients with type 2 diabetes. 1 Despite the recent approval of several new drugs, sulfonylureas remain the most commonly prescribed antidiabetic drugs after treatment failure with the first line drug metformin. 2 The safety of sulfonylureas with respect to adverse cardiovascular and hypoglycaemic events has been studied extensively. 3 4 However, studies focusing specifically on their cardiovascular and hypoglycaemic safety as a second line drug in patients with poorly controlled diabetes in need of adding or switching to other drugs, are sparse and limited.
The randomised controlled trials evaluating sulfonylureas as second line drugs were underpowered to assess cardiovascular complications of diabetes or severe hypoglycaemia, which may contribute to the development of adverse cardiovascular events. 5 6 In clinical practice, most observational studies assessing these outcomes compared sulfonylureas with other second line antidiabetic drugs such as dipeptidyl peptidase-4 inhibitors or insulin. [7] [8] [9] Thus, the specific risk of supplementing treatment with sulfonylureas compared with staying on metformin monotherapy has rarely been investigated, and several of the respective observational studies had method limitations such as selection bias, 10 11 exposure misclassification, 12 and residual confounding. 10 12 Metformin is associated with a decreased risk of cardiovascular events and low rates of hypoglycaemia. 13 Supplementing treatment with sulfonylureas, a potentially cardiotoxic class with high risk of hypoglycaemic events, 3 14 may outweigh the benefits of metformin. Thus, the objective of our population based study was to assess whether the use of second line sulfonylureas, after metformin, is associated with increased risks of myocardial infarction, ischaemic stroke, cardiovascular death, all cause mortality, and severe hypoglycaemia in patients with type 2 diabetes, compared with continuation of metformin monotherapy.
Methods

Data sources
We used the UK Clinical Practice Research Datalink (CPRD) linked to the Hospital Episode Statistics (HES) and Office for National Statistics (ONS) databases. The CPRD is a large primary care database which contains the medical records for over 14 million people registered at over 680 general practices. 15 Diagnoses and procedures are recorded using the Read code classification. Drugs prescribed by general practitioners are coded based on the UK Prescription Pricing Authority dictionary. The CPRD contains information on anthropometric variables such as body mass index, and lifestyle variables such as smoking and alcohol use. CPRD data have been previously validated and shown to be of high quality. 16 The HES contains all inpatient and outpatient hospital admission information, including primary and secondary diagnoses (coded using ICD-10 (international classification of diseases, 10th revision), and hospital procedures (coded using the Office of Population Censuses and Surveys classification of interventions and procedures, 4th version (OPCS-4)). The ONS database contains the electronic death certificates of all UK residents and includes the underlying cause of death (coded using ICD-9 and ICD-10). HES and ONS data can be linked to the CPRD since 1 April 1997, and are limited to general practices in England that have consented to the linkage scheme (currently representing 75% of all practices in England). 16 base cohort The methods have been previously reported. 17 We first formed a base cohort of patients newly treated with metformin in monotherapy for type 2 diabetes between 1 April 1998 and 31 March 2013, with follow-up until 31 March 2014. Base cohort entry was defined by the date of the first metformin prescription. We excluded all patients aged under 40, those with less than one year of medical history in the CPRD before cohort entry, and women with a diagnosis of polycystic ovary syndrome at any time before cohort entry. We also excluded patients prescribed any antidiabetic drugs at any time before base cohort entry. Patients with a history of cardiovascular disease at cohort entry were included.
study cohort
The study cohort was formed by identifying all subjects from the base cohort of metformin initiators who subsequently added or switched to a sulfonylurea as second line treatment. Patients who added or switched to other antidiabetic drugs were censored. For each patient adding or switching to a sulfonylurea, we identified a matched reference patient who also was a metformin initiator but remained on metformin, using a prevalent newuser design. 18 The potential reference patients were selected from the corresponding exposure sets, namely from the metformin initiators in the base cohort who received a metformin prescription within three months of the date the exposed patients added or switched to a sulfonylurea, and who received the same number of metformin prescriptions during the time in the base cohort as the exposed subjects (see efigure 1, supplementary materials). Thus, the number of metformin prescriptions between base cohort entry (monotherapy initiation) and study cohort entry (adding or switching to a sulfonylurea or matched continuation) was inherently a matching covariate. Moreover, exposed and reference subjects were matched on haemoglobin A1c level (≤7%, 7.1-8%, >8%, or unknown) at study cohort entry. Finally, exposed and reference subjects were matched on high-dimensional propensity score. 19 The highdimensional propensity score method empirically selects covariates based on their prevalence and potential for confounding. For each member of each matched set, we identified all available information from seven data dimensions (five dimensions from the CPRD: drug prescriptions, procedures, diagnoses, disease history, and administrative information; two dimensions form the HES: diagnoses and procedures) in the one year period before the date of the matched set. We then applied conditional logistic regression to estimate the propensity of receiving a sulfonylurea drug, thereby considering the 500 most likely confounders. Patients with non-overlapping high-dimensional propensity scores were trimmed from the cohort. The high-dimensional propensity score procedure was repeated for each outcome, since this method calculates a bias term that accounts for the association with a specific outcome. Matched metformin patients could add or switch to sulfonylureas later during follow-up. In this case, the follow-up for the metformin monotherapy group was censored at the point of adding or switching to sulfonylureas. Then, the patient was included as a sulfonylurea user from that point onwards and could be potentially matched to a metformin patient.
Patients meeting the study inclusion criteria were followed until the earliest of the following events: treatment discontinuation, occurrence of one of the study outcomes, end of registration with the general practice, or end of the study period (31 March 2014) . Treatment discontinuation was defined either by the absence of a new prescription by the end of a 60 day period (30 days prescription duration plus 30 days grace period) or by the addition or the switch to another, non-sulfonylurea antidiabetic drug. For the metformin initiators adding or switching to sulfonylureas, further switches within the sulfonylurea class were permitted.
study outcomes
We considered five outcomes: hospital admission for myocardial infarction, hospital admission for ischaemic stroke, cardiovascular death, all cause mortality, and severe hypoglycaemia. Hospital admission for myocardial infarction (ICD-9 codes 410.x, ICD-10 codes I21.x) and ischaemic stroke (ICD-9 codes 433.x, 434.x, or 436.x; ICD-10 codes I63.x or I64.x) were identified using the HES and ONS. The diagnostic codes to identify myocardial infarction in HES have been shown to be highly valid (>90%). 20 The validity of stroke diagnoses in administrative data are also high (>80%). 21 Cardiovascular death (ICD-9 codes 390.x-398.x, 401.x-405.x, 410.x-417.x, 420.x-429.x (except 427.5), 430.x-438.x, or 440.x-447.x; ICD-10 codes I00.x-I77.x (except I46.9)) was identified in ONS, and all cause mortality was identified from all three databases, with the date of death defined by the earliest recording of death in any database. Severe hypoglycaemia (ICD-10 codes E16.0, E16.1, E16.2) was identified in HES.
statistical analysis
We used descriptive statistics to summarise the characteristics of the patients in the matched groups. Potential imbalances after matching among covariates were assessed using standardised mean differences. Incidence of each outcome was calculated based on the Poisson distribution and expressed as number of events per 1000 person years. Moreover, we constructed a Cox proportional hazards regression model for each outcome that estimated the hazard ratio and the 95% confidence intervals for sulfonylurea versus metformin. To maximise comparability between the two groups, the models for myocardial infarction, ischaemic stroke, cardiovascular death, and severe hypoglycaemia were additionally adjusted for age, sex, deciles of high-dimensional propensity score, and history of the respective outcome in the year before cohort entry (or, for the case of cardiovascular death, history of myocardial infarction or ischaemic stroke). The model for all cause mortality was additionally adjusted for age, sex, and deciles of high-dimensional propensity score.
secondary analyses
We conducted three secondary analyses. Firstly, we assessed the risk of the study outcomes separately for addition of sulfonylureas to metformin and for switching to sulfonylureas from metformin. For this analysis, we used a time dependent exposure definition subcategorising the person time of sulfonylurea use, which resulted in three mutually exclusive categories: current use of metformin only (reference), current use of sulfonylureas only, and concomitant current use of metformin and sulfonylureas. Thus, the same patient could contribute person time to different exposure categories. Secondly, to assess a duration-response relation between adding or switching to sulfonylureas and the risk of each study outcome, drug use was further categorised according to three predefined durations (≤3 months, 3.1-12 months, >12 months). Thirdly, given the pharmacologic heterogeneity observed among different sulfonylureas, the risk of each study outcome was assessed separately for two groups of sulfonylureas classified by duration of action and pancreas specificity. The first group included pancreas non-specific, long acting drugs (ie, glyburide and glimepiride). The second group included pancreas specific, short acting drugs (ie, gliclazide, glipizide, and tolbutamide). 17 22-25 This analysis was based on the first sulfonylurea added or switched to. Switches among sulfonylureas of the same group were allowed during follow-up.
sensitivity analyses
We performed four sensitivity analyses to assess the robustness of our findings. Firstly, to assess possible exposure misclassification, we repeated the analyses using a 60 day grace period between nonoverlapping successive prescriptions. Secondly, the analyses for myocardial infarction, ischaemic stroke, cardiovascular death, and severe hypoglycaemia were repeated after excluding patients with a history of the outcome (or, for the case of cardiovascular death, history of myocardial infarction or ischaemic stroke) in the year before cohort entry. Thirdly, to assess the potential impact of residual confounding, we repeated the primary analysis after additionally adjusting for covariates with a standardised mean difference >5%. Finally, to assess the potential impact of unmeasured confounding, we conducted a post-hoc sensitivity analysis using the approach proposed by Ding and VanderWeele (described in eMethods 1, supplementary material). 26 negative control analysis To further assess the validity of our findings, we conducted an additional analysis using a negative control outcome. 27 We compared metformin initiators who added or switched to sulfonylureas with metformin initiators who stayed on metformin monotherapy regarding the risk of diabetic retinopathy (identified using Read codes from the CPRD and ICD-10 codes from the HES), since no differential effects between metformin and sulfonylureas have been reported for this outcome. 28 For this analysis, we additionally excluded all patients with previous retinopathy in order to assess incident disease.
ancillary analysis
In an ancillary analysis, we compared head-to-head patients adding sulfonylureas to metformin with patients switching to sulfonylureas from metformin. For this analysis, we defined addition of sulfonylureas as a metformin prescription in the first month after the first sulfonylurea prescription. Switching to sulfonylureas was defined by the absence of a metformin prescription in the same period. Next, we performed a multivariable logistic regression to estimate the probability (propensity score) of switching to sulfonylureas versus adding sulfonylureas conditional on all covariates listed in the manuscript. We then trimmed patients with non-overlapping propensity score distributions. The remaining patients were followed from one month after the initial sulfonylurea prescription until they added or switched to a non-metformin, non-sulfonylurea antidiabetic drug or experienced one of the study outcomes, whichever occurred earlier. Patients adding sulfonylureas were additionally censored at metformin or sulfonylurea discontinuation, and patients switching to sulfonylureas were additionally censored in case of metformin re-initiation or sulfonylurea discontinuation. The hazard ratio of the study outcomes was estimated using a Cox proportional hazards model adjusted for age, sex, history of the outcome in the year before cohort entry (or, for the case of cardiovascular death, history of myocardial infarction or ischaemic stroke), propensity score deciles, and for covariates with a standardised mean difference >5%. All analyses were conducted with SAS version 9.4 (SAS Institute, Cary, NC) and R (R Foundation for Statistical Computing, Vienna, Austria).
Patient involvement
No patients were involved in setting the research question or the outcome measures, nor were they involved in developing plans for design or implementation of the study. No patients were asked to advise on interpretation or writing up of results. There are no plans to disseminate the results of the research to study participants or the relevant patient community.
results Figure 1 shows that the base cohort included 77 138 patients with a first prescription for metformin between 1 April 1998 and 31 March 2013. A total of 25 699 patients added or switched to sulfonylureas during follow-up. For the analysis on all cause mortality, 2107 (8%) of these patients were trimmed from the cohort due to non-overlapping high-dimensional propensity score distributions or absence of eligible matches. Figure 1 shows that the study cohort for this outcome was 23 592 patients who added or switched to sulfonylureas and 23 592 matched patients who remained on metformin monotherapy. The size of the study cohorts for the other four outcomes was similar.
The mean follow-up was 1.1 (SD 1.4) years, generating a total of 244 150 patient years. During follow-up, there were 337 myocardial infarctions (incidence rate 6.9 per 1000 patient years, 95% confidence interval 6.2 to 7.7), 299 ischaemic strokes (6.1, 5.5 to 6.9), 429 cardiovascular deaths (8.7, 7.9 to 9.6), 1190 deaths from any cause (24.4, 23.0 to 25.8), and 150 severe hypoglycaemic events (3.1, 2.6 to 3.6). The most frequent causes of death were cancer (31%), cardiovascular diseases (31%), and respiratory diseases (10%). Table 1 shows the baseline characteristics of the matched cohorts for the analysis on all cause mortality. Corresponding tables for the other outcomes (myocardial infarction, ischaemic stroke, cardiovascular death, and severe hypoglycaemia) were practically identical (see eTables 1-4, supplementary materials). After high-dimensional propensity score matching, patients adding or switching to sulfonylureas had a similar baseline profile to those remaining on metformin monotherapy. Table 2 and eFigures 2-6 (supplementary materials) show the results for the five outcomes. Compared with the use of metformin monotherapy, adding or switching to sulfonylureas was associated with an increased risk of myocardial infarction (7.8 v 6.2 per 1000 person years, hazard ratio 1.26, 95% confidence interval 1.01 to 1.56), all cause mortality (27.3 v 21.5, 1.28, 1.15 to 1.44), and severe hypoglycaemia (5.5 v 0.7, 7.60, 4.64 to 12.44). There was also a trend towards increased risks of ischaemic stroke (6.7 v 5.5, 1.24, 0.99 to 1.56) and cardiovascular death (9.4 v 8.1, 1.18, 0.98 to 1.43).
Separately comparing adding and switching to sulfonylureas suggested that the increase in the risk was driven by the switching and not the addition for myocardial infarction, cardiovascular death, and all cause mortality, but not for ischaemic stroke or severe hypoglycaemia (see eTable 5, supplementary materials). The analyses based on different durations of use yielded higher point estimates for all five outcomes for shorter durations of use and especially for the ≤3 months category (see eTables 6-10, supplementary materials). Classifying sulfonylureas based on important pharmacologic properties provided similar point estimates for the two sulfonylurea groups (see eTable 11, supplementary materials). Figure 2 shows that the results of the primary analysis remained consistent in the sensitivity analyses (see full detail in eTables 12-14, supplementary materials). For myocardial infarction, the extension of the grace period to 60 days led to a dilution of the hazard ratio, resulting in a non-statistically significant association (hazard ratio 1.12, 95% confidence interval 0.94 to 1.32). Based on a post-hoc analysis, the findings of the primary analysis on myocardial infarction, all cause mortality, and severe hypoglycaemia are unlikely to be the result of an unmeasured confounder under most plausible exposure-confounder and confounder-outcome associations (see eTables 15-17, supplementary materials). Finally, we observed no difference in the risk among patients taking sulfonylureas and metformin regarding the negative control outcome of diabetic retinopathy (incidence rate 41.4 v 40.4 per 1000 person years, hazard ratio 1.02, 95% confidence interval 0.92 to 1.14). Table 3 shows the results of the head-to-head comparison between patients adding sulfonylureas and patients switching to sulfonylureas (baseline characteristics for the five outcomes are presented in eTables 18-22, supplementary materials). Compared with adding sulfonylureas, switching to sulfonylureas was associated with an increased risk of myocardial infarction (hazard ratio 1.51, 95% confidence interval 1.03 to 2.24) and a borderline increased risk of all cause mortality (1.23, 1.00 to 1.50). No differences in risk were observed for ischaemic stroke (0.88, 0.58 to 1.33), cardiovascular death (1.22, 0.87 to 1.71), or severe hypoglycaemia (1.06, 0.65 to 1.71).
discussion
Our study assessed the cardiovascular and hypoglycaemic risk associated with the use of sulfonylureas as second line drugs. Among metformin initiators, adding or switching to sulfonylureas was associated with an increased risk of myocardial infarction, all cause mortality, and severe hypoglycaemia, compared with patients remaining on metformin. Moreover, there was a trend towards increased risks of ischaemic stroke and cardiovascular death. Importantly, the observed associations with myocardial infarction and all cause mortality were driven by the switching to sulfonylureas and not the addition of sulfonylureas. The results of the primary analysis remained consistent in sensitivity analyses, as well as after classifying sulfonylureas in two different groups based on important pharmacologic properties.
comparison with other studies Numerous observational studies have evaluated the safety of sulfonylureas as first line drugs. 3 However, their results cannot be directly extrapolated to patients having failed initial monotherapy with metformin, since these patients probably have progressive disease and are thus at a higher risk of adverse cardiovascular and hypoglycaemic events. Most of the studies evaluating the safety of sulfonylureas as second line drugs used other second to third line drugs as comparators. [7] [8] [9] Thus, no conclusions can be drawn on the risk of adding or switching to sulfonylureas, which have been associated with an increased risk of cardiovascular and hypoglycaemic events, 3 14 as compared with remaining on monotherapy with metformin, a drug with potential cardioprotective properties and low risk of hypoglycaemia. 13 Moreover, among the few studies assessing the latter risk, several featured method limitations such as selection bias owing to the inclusion of prevalent users, 10 11 exposure misclassification, 12 and confounding. 10 12 For our study, we used the recently developed prevalent newuser design. 18 To emulate the randomised controlled trial, this design identifies (at the doctor visit that led to the patient on metformin adding or being switched to sulfonylureas) a comparable patient with the same history of metformin use and of other characteristics, but who on that visit continued on metformin. Thus, we could specifically address the question of how supplementing treatment with sulfonylureas performs in patients for who metformin monotherapy has failed. This is the first observational study assessing the risk of myocardial infarction associated with sulfonylureas as second line treatment. Several potential mechanisms could account for the increase in the risk compared with patients remaining on metformin monotherapy. Firstly, sulfonylureas are associated with weight gain, which is an important risk factor for myocardial infarction. 25 Secondly, hypoglycaemia is implicated Fig 1 | Flowchart showing in the development of arrhythmias and cardiac ischaemia, 29 so the hypoglycaemic propensity of sulfonylureas could contribute to the increased risk of myocardial infarction. The higher estimates observed for shorter durations of use argue for an involvement of short term mechanisms such as arrhythmias and against long term mechanisms such as weight gain. Moreover, the similar estimates obtained for the two sulfonylurea groups classified by pancreas specificity indicate that this pharmacodynamic property does not necessarily translate into improved clinical outcomes. 17 Finally, the absence of an increased risk of myocardial infarction associated with the addition of sulfonylureas to metformin (ie, in case of metformin continuation) alludes to the established beneficial effects of the biguanide in this regard. 13 Interestingly, metformin was recently shown to also positively modify the cardiovascular effects of a newer class of antidiabetic drugs, dipeptidyl peptidase-4 inhibitors. 30 Our results on all cause mortality support a previous study showing an increased risk associated with using sulfonylureas only, but not with concomitant use of sulfonylureas and metformin, when compared with using metformin only. 31 Again, the absence of an increased risk associated with the addition of sulfonylureas to metformin could reflect the beneficial effects of the biguanide. 13 Moreover, our higher point estimates for shorter durations of use indicate that doi: 10.1136/bmj.k2693 | BMJ 2018;362:k2693 | the bmj short term mechanisms such as arrhythmias or seizures and falls potentially induced by severe hypoglycaemia could be involved in the increased risk of mortality.
Our results on severe hypoglycaemia are concordant with a recently published observational study showing an increased risk for second line sulfonylureas. 11 The similar estimates we obtained for the two groups of sulfonylureas classified by the duration of action argue against an effect of this pharmacokinetic property on the risk of severe hypoglycaemia in the setting of second line treatment. This contrasts with our recent findings on the safety of sulfonylureas as first line drugs, 17 and underscores the importance of diabetes severity as a possible effect modifier on the risk of adverse events.
strengths and weaknesses of our study Our study has several strengths. Firstly, the population based design, the inclusion of patients with previous events, and the few exclusion criteria make its results highly generalisable. Secondly, the large sample size allowed the calculation of precise estimates even for rare outcomes such as severe hypoglycaemia. Thirdly, our separate analysis of pancreas specific, short acting and pancreas non-specific, long acting sulfonylureas could account for the high pharmacologic heterogeneity observed within this drug class. 25 Our study also has some limitations. Firstly, owing to its observational nature there is the potential for residual confounding. However, we went to great lengths to minimise this potential bias by matching on high-dimensional propensity score, the number of previous metformin prescriptions, and haemoglobin A1c level. Moreover, we observed no difference in the risk regarding our negative control outcome, diabetic retinopathy. Secondly, owing to the relatively short duration of follow-up, we were not able to assess long term risk differences between the two groups. However, the length of follow-up reflects real world use of second line sulfonylureas. 7 Thirdly, since metformin use is contraindicated in patients with severe kidney disease and decompensated heart failure, 32 we cannot exclude that such conditions leading to metformin discontinuation and switching to sulfonylureas may also account for the observed increased risks. Finally, drug dose was not considered in our analyses. Thus, the increased risks observed in patients switching to sulfonylureas compared with patients adding sulfonylureas could also result from the potentially higher sulfonylurea doses in the former group.
conclusions
Our study showed an increased risk of myocardial infarction, all cause mortality, and severe hypoglycaemia associated with the use of second line sulfonylureas compared with remaining on metformin monotherapy. The associations with myocardial infarction and all cause mortality were driven by the switching to sulfonylureas and not the addition of sulfonylureas. Thus, in line with current recommendations on the treatment of type 2 diabetes, 1 continuing metformin when introducing sulfonylureas is safer than switching.
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